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Transport properties of an epitaxial lm of La0.7Sr0.3MnO3 (LSMO), deposited epitaxially on
a LaAlO3 bi-rystal substrate having a misorientation angle of 9.2
o
, have been studied. The
lm was patterned into a meander ontaining 100 grain boundaries. The resistivity of the sample
exhibits two omponents; one originating from the grain boundary regions, and one from the LSMO
elements in the meander; the latter ontribution is similar to the resistivity of a referene epitaxial
LSMO lm. The low (<0.5 T) and high (up to 6 T) eld magnetoresistane was also studied. The
meander show a large low eld magnetoresistane, inreasing with dereasing temperature, and a
onstant high eld slope of the magnetoondutane, results that are well explained by a two-step
spin polarized tunneling model.
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Single rystals [1℄ and epitaxial lms [2℄ of manganites show a olossal magnetoresistane
(CMR), but only for relatively large magneti elds and lose to the ferromagneti transition
temperature (T c). Polyrystalline lms [1℄ instead, as well as bi-epitaxial lms [3℄ and lms grown
on bi-rystal substrates [4℄, exhibit at temperatures TT c a large low eld response.
A La0.7Sr0.3MnO3 (LSMO) thin lm was fabriated by depositing LSMO (aLSMO=3.82 Å)
epitaxially on a LaAlO3 (LAO) bi-rystal substrate (aLAO=3.79 Å); the lm obtained was then
patterned into a meander ontaining one hundred 18.4
o
(9.2/9.2) oriented grain boundary links.
Measurements were either made on all 100 juntions (100J) or on one juntion (1J). Strutural
properties were heked with Xray θ-2θ- and φ-sans. The rystalline quality of the meander is,
apart from the grain boundaries, similar to that of a referene epitaxial LSMO lm (EF). The
resistivity ρ(H,T,θ) was measured using a Maglab 2000 system equipped with a rotationary probe.
The magnetoresistane of the samples is dened as MR=(R0-RH(θ))/R0; the angle θ refers to the
angle between the inplane magneti eld and the urrent.
The zero eld resistivity for 1J and 100J was reorded vs. temperature. The overall behavior
is similar to that of the EF lm; for 1J an additional 'knee' is present at T≈300 K (T c≈360 K)
revealing a ontribution to the measured resistivity originating from the grain boundary. This
ontribution is less apparent in the results for 100J, indiating that there is some satter in the
properties of the dierent juntions.
Fig. 1 shows the temperature dependene of the low eld MR(H=0.1 T) for all samples; for 1J
and 100J results are shown for dierent magneti eld orientations. EF displays the typial low
eld magnetoresistane behavior for a high quality epitaxial lm [5℄ with a peak in the magne-
toresistane around T c and no signiant low temperature MR. In omparison, the results for the
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meander show a low temperature tail, larger when the urrent and eld are parallel. MR(T=77K)
≈ 6% in the (H ‖ I ) ase, whih is in agreement with earlier results on similar bi-rystal lms
[6℄; At higher temperature, the behavior is rather lose to that of EF. One may notie that due to
shape anisotropy of the meander, the domain magnetization is in plane, perpendiular to a grain
boundary. This is evidened by results obtained for the low eld magnetoresistane (f. Fig. 2);
applying the eld along the urrent, the magnetoresistane shows two hystereti peaks at elds
lose to the oerive eld of the EF sample. Applying the eld perpendiular to the urrent (along
a grain boundary), a reversible magnetoresistane is deteted, indiating that the magnetization
proess in this ase orresponds to reversible rotation of the domain magnetization.
As rst proposed by Lee et al. [7℄, for polyrystals, and as observed in bi-epitaxial grain
boundary LSMO lms [3℄, the high eld magnetoondutane rather than the magnetoresistane
is linear with eld. This behavior is onsistent with a model based on seondorder spin polarized
tunneling through interfaial spin sites. Using the transfer integral T12 ≈
√
1 + s1s2 for itinerant
eg eletrons between loalized t2g moments (si is the normalized spin moment), the grain boundary
ondutivity is given as G j∼ T 1j2T j22, whih beomes G j∼<s j>∼ χjH for large H. Here <s j> is
the thermal average of the grain boundary moment and χj is the orresponding suseptibility. The
temperature dependene of the normalized high eld slope of the magnetoondutane b=(µ0G0)
−1
∂G/∂H∼χj is shown in Fig. 3; the results obtained for a bi-epitaxial grain boundary LSMO lm [3℄
(GBF) are inluded for omparison. The results for GBF are dominated by properties of the grain
boundaries, while the results for the meander ontain ontributions both from grain boundaries
and epitaxial LSMO elements. The ontribution from the grain boundary is partiularly evident
in the 1J results; the maximum in b ours at the same temperature as where we observe a 'knee'
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in the resistane vs. temperature urve.
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Figure 1: Temperature dependene of the low eld (H=0.1T) magnetoresistane of the bi-rystal
(BC) lm for dierent magneti eld orientations; results for 1 (1J, lled irles) and 100 (100J,
line) juntions are inluded. The magnetoresistane of a high quality exitaxial lm (EF, dotted
line) is added for omparison.
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Figure 2: R(H ) for dierent magneti eld orientations; T=80K. In the (H ‖ I ) ase, the magneti
eld is parallel to the applied urrent, and thus perpendiular to the grain boundary; it is the
opposite in the (H ⊥ I ) ase.
0 50 100 150 200 250 300 350
0
0.01
0.02
0.03
0.04
0.05
0.06
BC 1J
BC 100J
EF
GBF
T (K)
b 
(T
−
1 )
Figure 3: Temperature dependene of the normalized high eld magnetoondutane slope b for
the bi-rystal lm (BC) for 1 and 100J; results obtained for a bi-epitaxial lm (GBF) [3℄ and a
high quality epitaxial lm (EF) are inluded for omparison.
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